In the enriched carbon dioxide atmosphere expected in the next century, many species of herbivorous insects will confront less nutritious host plants that will induce both lengthened larval developmental times and greater mortality. The limited data currently available suggest that the effect of increased atmospheric CO 2 on herbivory will be not only highly species-specific but also specific to each insect-plant system. Several scenarios can be predicted, however: (1) local extinctions will occur; (2) the endangered species status as well as the pest status of some insect species will change; (3) geographic distributions for some insect species will shift with host-plant ranges; and (4) 
Introduction
Global atmospheric carbon dioxide levels are increasing. Most of the earth's CO 2 now resides in carbonates (Hunten 1993) , mainly due to weathering processes (Berner 1992 ) and biological activity (Watson et al. 1991) . Beginning with the increasing fossil fuel use associated with the industrial revolution, however, CO 2 concentration in the atmosphere has increased from 270-280 ppm (volume) to the current level of 364 ppm (Bazzaz 1990; Houghton et al. 1990 Houghton et al. , 1992 R. M. White 1990; Berner 1993; Sarmiento 1993; Tans & Bakwin 1995; Houghton et al. 1996 b ; Watson et al. 1996; Keeling & Whorf 1998) . This represents an increase of approximately 32% in a relatively short period of geological and evolutionary time.
Accurate predictions about future CO 2 levels and their potential biological and physical effects are the subject of considerable scientific, economic, and political debate (Thuillier 1992; Kerr 1996; Azar & Rodhe 1997) . In 1996 the Intergovernmental Panel on Climate Change (IPCC) published six different trajectories leading to stabilization of atmospheric CO 2 in the range of 350-1000 ppm (Houghton et al. 1996 b ) . According to some interpretations, however, even the median emission scenario from the IPCC report (scenario IS92a) suggests that we are in a trajectory leading toward a rapid quadrupling of the preindustrial CO 2 atmospheric concentration (Mahlman 1997) . Although a preliminary agreement was reached in December of 1997 in Kyoto, Japan, for reductions in anthropogenic CO 2 emissions, it remains to be seen what effect this will have in terms of establishing a new equilibrium level.
Even though long-range extrapolations are the result of various possible scenarios (Caldeira & Kasting 1993) , the best approximations for the range of atmospheric CO 2 levels that will occur by the years 2040-2100 are bounded by a low of 700 ppm to the remarkably high value of 2100 ppm (Sundquist 1993 ). This high concentration assumes the burning of all the estimated reserves of carbon fossil fuel (Tans & Bakwin 1995) . In any case, most published studies indicate that CO 2 levels will at least double in the next few decades and that anthropogenic CO 2 represents a biogeochemical perturbation of global proportions (Sundquist 1993) . Even though the potential effects of such an increase are still the subject of serious disagreements, it is clear that elevated CO 2 will have profound effects on many biological systems.
Even the best-case predictions suggest that new equilibrium levels ensuing from these activities are likely to last several hundred years and that their potential effects will have ample time to manifest themselves.
Potential Effects of Elevated Atmospheric CO 2 Levels
The biological effects of global climate change are among the most important issues in ecological research. In April 1991, the Ecological Society of America (ESA) published the "Ecological Research Agenda for the 1990s," in which a call was made to ecologists to focus basic research on environmental problems. One of the categories the ESA deemed most important was global change. They indicated that more research should focus on and more money be invested in examining the effects that global climate change will have on our complex ecological systems (Gibbons 1991) . Such new data are critical because our knowledge of the structure and function of ecosystems on a global scale is not adequate to predict even a majority of the consequences of climate change either on the ecosystems themselves or on the interacting causal agents (Mooney 1991) .
Recent reports indicate that the potential effects of a doubling or tripling of the current atmospheric CO 2 levels could be substantial. In the short time scale of 100-1000 years, increasing atmospheric CO 2 levels may affect a variety of abiotic attributes of the Earth: (1) temperature (higher mean temperatures may precipitate the greenhouse effect; reviewed by Handell & Risbey 1992) ; (2) precipitation patterns (Smith et al. 1992) ; (3) precipitation acidity (Berner 1992) , (4) ocean levels (higher sea level will inundate low lying areas); and (5) climatic regions (shifts in climatic zones would lead to changes in ecosystem composition and distribution of plants and animals; Emanuel et al. 1985; Parry & Carter 1985; Warrick et al. 1986; Bazzaz 1990; Smith et al. 1992; Kondrasheva et al. 1993 ). In addition, elevation of CO 2 is predicted to change patterns of organic matter turnover (Kirschbaum 1993; Woodwell 1993) and to reduce soil moisture (Manabe & Wetherald 1986; Manabe et al. 1992) . Such changes are expected to influence biodiversity (Rochefort & Woodward 1992; Pimm et al. 1995) through alteration of photosynthesis rates, plant species composition, and ultimately plant competitive ability (Besford 1990; Besford et al. 1990; Bazzaz & Williams 1991; Bazzaz & Fajer 1992; Ahmed et al. 1993; Hall & Allen 1993) .
Because the predicted changes are likely to occur over large areas, the implications for many organisms may be substantial. The combined effect of higher temperatures, altered rainfall, and decreased soil moisture will probably lead to a range adjustment of plants and trees toward higher latitudes, possibly following the same pattern that plants and trees exhibited when similar migrations occurred after the last glacial period. Shifts from desert to tundra in high latitudes and from desert to grasslands in temperate and tropical regions are likely. The environmental changes are occurring hundreds of times faster than they did after the last glacial period; so some plants, which have generation times on the order of tens of years or more, will not be able to adapt quickly and may be subject to extinction (Bazzaz & Williams 1991) . Differential rates of range adjustment, and local extinctions, will affect the distribution and survival of insects and other animals. In fact, some recent studies have suggested that such shifts in insect distributions are already in progress (Parmesan 1996; Kuchlein & Ellis 1997; Woiwod 1997) .
Interactions between plant species will be affected, as will interactions between cultivars within species and plants within cultivars. Using selected lines of cowpea ( Vigna unguiculata ), Ahmed et al. (1993) demonstrated that temperature differentially affects the reproductive success of its various cultivars. The availability of CO 2 and high temperatures have complex interactive physiological effects, and both factors are likely to change in the years to come.
All of these effects can substantially alter the interactions between herbivores and plants (Lincoln et al. 1986; Osbrink et al. 1987; Fajer 1989; Fajer et al. 1989; Johnson & Lincoln 1990; Mitchell et al. 1993; Caulfield & Bunce 1994) . Further, modifications in herbivoreplant interactions, particularly those associated with suitability and nutritional status, could reasonably be expected to have significant effects on natural enemies (Price et al. 1980; Hare 1992; Roth & Lindroth 1995) . From the point of view of insect diversity, distribution, and conservation, the biological effects of high CO 2 levels may be initially compartmentalized into the effect on plants, the subsequent impact on herbivorous insects, and the cumulative effects on parasitic and predatory insects.
Effects on Plants
The most evident and best studied effect of elevated atmospheric CO 2 is the so called "fertilization effect" (LaMarche et al. 1984) . Carbon dioxide availability generally has a positive effect on photosynthesis and photosynthate production. This effect has been observed repeatedly for various plant species by several researchers (Osbrink et al. 1987; Besford 1990; Groninger et al. 1996) . The short-term responses that are typically measured may be different from long-term responses (Hall & Allen 1993) , however. Under elevated CO 2 levels, photosynthesis rates increase initially but after a period of time may decrease (Poorter et al. 1988; Yelle et al. 1989; Besford 1990; Besford et al. 1990; Dugal et al. 1990; Idso 1990; Idso & Kimball 1991; Goudriaan 1992 ; but see Idso & Kimball 1992; Hall & Allen 1993) . There is also evidence of reduced dark respiration (El Kohen et al. 1991) and photorespiration rates.
Despite some acclimatization, augmented photosynthesis and reduced photorespiration under enhanced CO 2 levels generate plants with lower total nitrogen, higher ratios of carbon to nitrogen (C:N; Lawler et al. 1997) , and increased carbohydrate levels (Osbrink et al. 1987; Yelle et al. 1989; Ahmed et al. 1993; Mitchell et al. 1993) . This leads to greater root and shoot dry weight and greater root length (Davis & Potter 1989; Johnson & Lincoln 1990 ) and occasionally to improved yields (Allen et al. 1991; Stockle et al. 1992 a ; but see Mitchell et al. 1993) . Because increased photosynthesis rates can result in more biomass accumulation, the sustainability of elevated photosynthetic activity and the potential compensatory response to insect feeding depend strongly on the availability of nutrients for plant growth (Trumble et al. 1993) . In long-term exposure experiments in open-top chambers, Idso and Kimball (1992) found that after 3.5 years, sour orange trees had substantially increased leaf, trunk, and branch volume and had more fruit rind than the ambient-treatment trees. Thus, growth effects may be most dramatic in agricultural systems, where nutrients are less limiting than in natural systems, which often are depauperate in key nutrients. Such growth effects have important implications for insects.
Experimentally determining the specific effects of elevated CO 2 on photosynthetic processes is not always simple. Many interactive factors are believed to influence photosynthesis rates, and these factors have different effects depending on plant species and environmental conditions. Bazzaz and Williams (1991) , working in a mixed deciduous forest in England, found that CO 2 concentrations show strong seasonal and daily variations. They also demonstrated that CO 2 concentration varies with height, so trees of different ages (and therefore heights) are exposed to different levels of CO 2 . Similarly, the leaves of the same tree at different heights would be exposed to different concentrations, raising questions about experiments employing a single CO 2 concentration on large plants. Further, this may create a mosaic in plant suitability for insect herbivores. Although mobile insects may be able to exploit increased variability within large host plants, sessile insects such as scale insects may be at a disadvantage.
The competitive interactions between plants that use the Calvin cycle for photosynthetic CO 2 fixation (C 3 plants) and plants that use the Hatch-Slack photosynthetic pathway (C 4 plants) are also expected to change in response to CO 2 elevation (Kondrasheva et al. 1993) . A review of 770 experimental observations of numerous crops documented 14% and 34% average yield increases for C 4 and C 3 plants, respectively, grown in elevated CO 2 atmospheres (Stockle et al. 1992 b ) . Under ambient CO 2 levels, C 4 plant species had an advantage over C 3 plants, especially in regions of high irradiance, high temperature, and water stress. As CO 2 levels rise, C 4 plants may lose this advantage. Some studies have shown that in elevated CO 2 levels, C 3 plants can out-compete C 4 plants (Bazzaz & Fajer 1992) , leading to potentially important changes in the floristic composition of natural ecosystems and changes in the status of certain agriculturally important plants and their relationships with weeds. On a prairie in North Dakota with a mixture of C 3 and C 4 plants, Ode et al. (1980) demonstrated that seasonality of production relies on the presence of both groups of plants because the primary productive periods of C 3 and C 4 plants are staggered over time. Early in the season, new biomass production on the prairie is almost entirely due to C 3 plants, whereas during midsummer the contributions of C 4 plants are most important.
These variable responses of C 3 and C 4 plants to elevated CO 2 may result in asymmetrical effects on herbivory, and the response of insects that feed on C 4 plants may be different from that of those feeding on C 3 plants. The C 3 plants are likely to be positively affected by increased CO 2 and negatively affected by the insect response, whereas C 4 plants are less responsive to higher CO 2 and thus will be less affected by changes in the feeding behavior of insects (Lincoln et al. 1984) . Lincoln et al. (1993) and Watt et al. (1995) showed that little research had been conducted on plant-insect interactions under high CO 2 , and the situation has not changed since (Bezemer & Jones 1998) . The majority of insects studied have been lepidopterans (Table 1) , which are represented by only nine families. Of these, the economically important Noctuidae have received the most attention. Most other orders are represented by only one or two species, nearly all of which are economically important agricultural pests. Remarkably, only three species in two families have been examined in the largest insect order, the Coleoptera, and Diptera is represented by just two species in two families. In addition, most of the pests belong to either the phloem feeder or foliage feeder guilds. Only a single parasitoid species has been studied (Roth & Lindroth 1995) . Thus, essentially no information is available on the effects of elevated CO 2 on insects in natural systems, and information is limited on the diversity of insects that occur in agricultural systems. Not surprisingly, most of these insect studies were conducted on a relatively small number of plant species, most of which are of economic importance (Table 1). Nonetheless, several general observations can be made regarding plant and insect interactions in enhanced CO 2 environments.
Interactions of Plants and Herbivorous Insects
Several studies have shown that insect herbivores consistently respond to changes in plant quality induced by enriched CO 2 environments by consuming more foliage (Lincoln et al. 1986; Osbrink et al. 1987; Fajer 1989; Marks & Lincoln 1996) and perhaps with reduced growth (Lincoln et al. 1986; Fajer 1989) . Lincoln et al. (1984) showed that insect larvae consume up to 80% more leaves from high CO 2 treatments. In other experiments with lepidopterans, Fajer (1989) found that insect weight gain is positively correlated with nitrogen concentration in the plant material offered and that the amount of foliage consumption is negatively correlated with foliar nitrogen concentration. In addition, insects that feed on plants grown in elevated CO 2 levels have a reduced efficiency of ingested food. This result was confirmed by Marks and Lincoln (1996) and is consistent with reduced nitrogen content in a food source (T.R.C. White 1984) .
Any potential effect of altered C:N ratios may be modified by the within-plant distribution of the nitrogen. Lawler et al. (1997) showed for Eucalyptus tereticornis (Smith) that the C:N ratio of the leaves is more affected by far than that of the plant as a whole. Akey et al. (1988) found that lepidopterans fed on bolls of cotton plants are not affected because C:N in bolls is not changed by elevated CO 2 . If this trend proves generally true and reproductive structures out-compete other plant parts for limited nitrogen, then insects could be stimulated to feed more frequently on these structures. The implications of these results are considerable for insect conservation, the pest status of insects, and host plant fitness in both agricultural and natural systems.
The net result of either slower growth or increased consumption by insects is likely to be increased mortality at the population level. Reduced developmental rates increase the chances that biological (predators, parasites) or environmental hazards will be encountered (Fajer 1989; but see Caulfield & Bunce 1994) . Consumption of additional foliage increases the probability of ingestion of pathogenic bacteria and viruses, which can cause reduced fecundity or death (e.g., Bacillus thuringiensis ; Entwistle 1993). Marks and Lincoln (1996) demonstrated that when lepidopterans are fed on plants infected with Balansiae fungal endophytes, the increased consumption associated with elevated CO 2 exacerbates the negative effects of the fungus on both growth and survival of the insects. Lindroth et al. 1996; Roth et al. 1997 continued One of the outcomes of this increased feeding rate is that insects will also ingest more defensive compounds from plants. The carbon-nutrient balance hypothesis (Bryant et al. 1983; Tuomi et al. 1988 ) predicts that elevated CO 2 will allow plants to allocate more carbohydrate resources to secondary metabolism, generating higher concentrations of defensive compounds active against insects. Some studies have shown that under elevated CO 2 many carbon-based defensive compounds do increase (Lavola & Julkunen-Tiitto 1994; Peñuelas & Estiarte 1998) . This plant response is stronger for soluble phenolic compounds, especially the condensed tannins (but see Lindroth et al. 1993b; Peñuelas et al. 1997; Poorter et al. 1997; Peñuelas & Estiarte 1998) . These compounds are known to strongly affect non-adapted herbivorous insects (Hagerman & Butler 1991) .
Other reports indicate, however, that plants grown in elevated CO 2 do not generate increased concentrations of carbon-based defensive compounds. Johnson and Lincoln (1990) showed that allelochemical concentrations Roth & Lindroth 1994b , 1995 are not affected by increased CO 2 and that grasshoppers feeding on sagebrush (Artemisia tridentata var. tridentata) are not affected. demonstrated that celery (Apium graveolens) plants grown in elevated CO 2 did not have increased concentrations of linear furanocoumarins, even though the plants had higher C:N. Lincoln and Couvet (1989) found no differences in total volatile leaf mono-and sesquiterpenes in peppermint (Mentha piperita) between plants grown in ambient and elevated CO 2 atmospheres. A decline in the phenolic ellagitannin was observed for red oak (Quercus rubra) trees grown in elevated CO 2 atmospheres (Lindroth et al. 1993b ). Thus, generalizations regarding elevated CO 2 and plant defensive chemistry do not appear possible at this time; the potential effects of changes in plant chemistry that can influence insect population dynamics will need to be evaluated on a case-by-case basis.
There may be special conditions in which insect populations would benefit from the effect of increased CO 2 . For example, the water-use efficiency of plants is improved under high CO 2 conditions. Normally, the uptake of CO 2 entails a cost to the plant. For every molecule of carbon dioxide that enters the stomata, between 100 and 400 molecules of water are lost (Bazzaz & Fajer 1992) . In a CO 2 -enriched atmosphere, the CO 2 gradient between the exterior and the interior of the plant is lower, so the plants can absorb the same amount of CO 2 with smaller stomatal openings or in shorter periods, resulting in less water loss. In fact, increased stomatal resistance is commonly observed in plants grown under high CO 2 levels (Nijs et al. 1989; Dugal et al. 1990; Goudriaan 1992; Groninger et al. 1996) . This can lead to increased plant water content (Osbrink et al. 1987 , but see Idso et al. 1988; . Increased water availability is beneficial to most herbivorous insects (Scriber & Slansky 1981) because it aides in the digestion and assimilation of nutrients, particularly nitrogen (Scriber 1984) . In addition, more efficient use of water would extend the life of plants in the drought conditions of late spring and summer, providing longer periods of habitat suitability for transient insect species. It is likely that endemic insect species would receive the plant-derived cues to enter aestivation or summer diapause somewhat later. This may allow smaller late-season larvae time to reach the stage of growth needed to survive. Thus, at least in the short term, elevated CO 2 concentrations resulting in better water-use efficiency by drought-stressed plants would benefit the herbivores.
Direct Effects of Elevated CO 2 on Insects
None of the studies we have examined suggest that elevated CO 2 , at the predicted levels of 700 to 1100 ppm, has a direct effect on insect growth and development if the effect through the host plant is eliminated. The ability to locate host plants of some herbivores may be affected, however. Some insects locate hosts using minute changes in CO 2 concentrations. The labial palps of Helicoverpa armigera (Hübner) are able to detect fluctuations in CO 2 density as small as 0.14% or 0.5 ppm (Stange 1992) . Other insects are able to locate their plant hosts following the plume of slightly higher CO 2 concentrations, as does the moth Cactoblastis cactorum (Bergroth) with its host plant Opuntia stricta (Stange 1992; Stange et al. 1995) . Diabrotica virgifera virgifera (LeConte) uses CO 2 concentrations in soil to locate corn roots (Strnad et al. 1986; Bernklau & Bjostad 1998) . The extent to which host plant location may be affected by changes in atmospheric CO 2 , and how readily insects might adapt to such changes, needs to be examined in future studies.
Elevated CO 2 and Natural Enemies
Even though changes in insect-plant interactions are likely to have consequences for higher trophic levels, published information is relatively sparse. Price et al. (1980) argued that the development of theories of insect-plant interactions cannot progress realistically without consideration of the third trophic level. Even at an elementary level, this assertion appears reasonable: there is considerable evidence that the fitness of herbivorous insects varies with the quality of their diet and that dietary differences have corresponding effects on their parasitoids . Greenblatt et al. (1982) found that differences in weight of the parasitoid species Brachymeria intermedia (Ness) (Hymenoptera: Chalcididae) and Coccigomimus turionellae (L.) (Hymenoptera:Ichneumonidae) are associated with host diet. In the special case of egg parasitoids, the size of the adult depends on two factors: the size of the host egg and the number of conspecifics that emerge with it (Bai et al. 1992) . Size is critical because increased size is correlated with increased fecundity (Hohmann et al. 1988; Bai et al. 1992 ). Size will influence reproductive success and therefore alter the parasitoid population biology. Thus, any dietary differences that prolong developmental time, increase food consumption, and reduce growth by herbivores serve to increase the susceptibility of herbivores to natural enemies (Roth & Lindroth 1995) . On the other hand, poor host nutrition could also decrease parasitoid fitness .
Nutrient deficiencies are also suspected to reduce defenses against endoparasitoids . Of the nutrient-derived elements of plant defensive chemistry, nitrogen is by far the most widely incorporated (Waterman & Mole 1989) . Therefore, a nitrogen shortage due to a reduction in nitrogen per unit of plant tissue with high CO 2 concentrations might also affect nitrogen use by herbivores. Because one strategy of herbivorous insects is the sequestration of toxins to which they have evolved tolerance (Vinson 1994) , modified secondary metabolism in their host plants may affect the suitability of herbivores to their parasitoids. Similarly, variation in the quality and composition of food consumed, which is likely to result in differences in the chemical composition of the herbivore, can affect its susceptibility to predator attack (Price et al. 1980) .
Host size and quality also affect the rate of attack by natural enemies. Small hosts are usually allocated few eggs that develop into small adults because of nutrient supply (Barrett & Schmidt 1991) . Parasitoids usually lay progressively more eggs and more female-biased clutches as the size of the host increases (Murdoch et al. 1997) . Some studies of Trichogramma minutum Riley, for example, have shown that female parasitoids can adjust clutch size according to host volume (Schmidt & Smith 1987) . Also, ovipositing Trichogramma are sensitive to variations in host quality. Amino acid production in the host is dependent on nitrogen availability, and the presence of specific amino acids in the host is known to be an oviposition stimulant. Hosts with slightly reduced levels of these amino acids are unlikely to be accepted or will stimulate reduced rates of oviposition (Barrett & Schmidt 1991) . On the other hand, some aphids are known to have reduced responses to alarm pheromones under elevated CO 2 ) and thus are more susceptible to natural enemy attack.
In addition, the rate of attack depends also on how conspicuous the host is to natural enemies. Changes in the secondary metabolism of plants associated with elevated CO 2 will affect utilization by the natural enemies of semiochemical-associated cues such as synomones or kairomones, thereby disrupting or affecting the ability of the natural enemies to locate their hosts. Thus, both the parasitoid's reproductive success and its effectiveness as a biological control agent may be affected (Hare & Luck 1994) .
Survival of the natural enemies will also be affected under high CO 2 conditions. Roth and Lindroth (1995) found that parasitoid mortality increased in elevated CO 2 . In other systems, enhanced parasitoid mortality occurs in response to a nutrient imbalance in the host (Vinson & Barbosa 1987) . At the population level, the mortality effects of natural enemies on some plant-insect associations will decrease under the high CO 2 levels expected in the near future (Roth & Lindroth 1995) . On the other hand, increased survival of their hosts could be beneficial if the host is endangered.
Additional effects of elevated CO 2 on tritrophic interactions can be anticipated. If elevated CO 2 levels increase global temperatures, this could enhance differences within parasitoid species; the response to different temperatures is actually used as a characterization of different biotypes for some species (Botto et al. 1988) . Such changes might affect the distribution of biotypes that vary in performance (Powell & Shepard 1982) . These changes are likely to be species-specific. Therefore, the differential effects of temperature changes might disrupt the spatial co-distribution between herbivore and natural enemy, thus affecting the population dynamic of both.
Because plant influences on the effectiveness of natural enemies have important evolutionary consequences for the herbivores involved (Price et al. 1980 ), there will be important evolutionary effects on the natural enemies as well. The evolutionary fitness of an animal depends significantly upon a diet optimal in both quantity and quality (Hassell & Southwood 1978) . The expected changes in CO 2 concentrations will probably last for centuries. Thus, given the relatively short generation times and potential for rapid genetic turnover in many insect species, an extended period of elevated CO 2 will be a strong evolutionary force.
Conclusions
Most insect species are herbivores and are affected by the physiological and nutritional state of their host plants. Thus, changes in growth patterns and quality of host plants can be expected to affect the survival and population dynamics of these herbivores. Insects that are parasitic or predaceous on herbivorous insects also can be affected by the quality of the food provided to their hosts . Thus, understanding the effects of increased atmospheric CO 2 on plants is necessary for predicting its potential effects on insects.
As shown in many of the studies cited, the elevated CO 2 expected in the next century will lower the host plant quality for many species of herbivorous insects. This lower host quality will induce both lengthened larval developmental times and greater mortality. These effects may be strong enough to constitute an evolutionary force; the insects that do survive may adapt by either increasing ingestion rates or by developing an increased efficiency of conversion of ingested nitrogen. In spite of the limited data currently available, several scenarios are probable. Local extinctions, changes in endangered species status, and altered pest status will almost certainly result. Geographic distributions will be affected by shifts in host-plant ranges. Changes in the population dynamics of affected insect species will influence their interactions with other insects as well as plants. Therefore, even insect species that will not be directly affected by elevated CO 2 may be affected by the changes in other insect species. Such changes will be substantial for predators and parasites, and addressing this issue in long-term, multi-trophic research is necessary.
From the point of view of insect conservation efforts, it is critical to expand long-term studies on the effect of enhanced CO 2 levels on insect populations. An analysis of the insect species that have been examined so far (Table 1) indicates that many orders containing insect species important for conservation, or even as agricultural or medical pests, have not been investigated. For example, Coleoptera, the largest order of insects, is represented in Table 1 by only three species, Diptera is represented by only two leafminer species, and Hymenopterans are represented by two species. Only one species of parasitoid has been studied, and no information has been published regarding CO 2 effects on any predaceous insect. Entire insect orders have been completely ignored in CO 2 research. Of the feeding guilds, leaf-chewing insects are the most studied group, although orthopterans are poorly represented by just two species. Parasites, gall-feeders, pollinators, parasitoids, and leaf-miners also are represented by few, if any, species.
For conservation purposes, research should start to focus on endangered species and then on species that may become threatened as CO 2 levels increase. Until now, the majority of studies on the effect of CO 2 on insects examined effects from a bottom-up perspective (Bizina 1997) , focusing on herbivorous insects. It may be instructive to include a top-down perspective as well.
In any case, a major increase in research on this topic will be necessary to provide an understanding of the changes that will occur within the next few decades. Without a concerted effort to begin studies as soon as possible, we will lose the opportunity to document how some plant-insects systems will adapt to an environment with elevated CO 2 . Finally, a better understanding of the changes we expect in the decades to come is crucial to making wise decisions about present and future conservation efforts in our rapidly changing environment.
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